We have designed and experimentally studied a simple beam splitter for atoms guided on an Atom Chip, using a current carrying Y-shaped wire and a bias magnetic field. This beam splitter and other similar designs can be used to build atom optical elements on the mesoscopic scale, and integrate them in matterwave quantum circuits.
quantum wells, quantum wires and quantum dots for neutral atoms and further combine these elements to form more complex structures. A large variety of these microscopic potentials can be designed by using the interaction V = − µ · B between a neutral atom with magnetic moment µ and the magnetic field B generated by current carrying structures [5, 14, 15] . Mounting the wires on a surface, allows elaborate designs with thin wires which can sustain sizable currents [15] . Such surface mounted atom optical elements were recently demonstrated for large structures (wire size ≈ 100µm) [6, 16, 17] , and nanofabricated structures [8] , the latter achieving the scales required for mesoscopic physics and quantum information proposals with microtraps [18] .
The simplest configuration for a magnetic guide is a straight current carrying wire [3, 4, 14] . The magnetic field at a distance r from the wire is given by B = µo 2π I r , where I is the wire current. Atoms in the high field seeking state are guided in Kepler orbits around the wire (Kepler guide). By adding a homogeneous bias field one can produce a 2-dimensional minimum of the potential at a distance µo 2π I B bias from the wire [19] and guide atoms in the low field seeking state (side guide).
By combining two of these guides, it is possible to design potentials where at some 2 point two different paths are available for the atom. This can be realized using different configurations, among which the simplest and most advantageous is a Y-shaped wire (Fig.   1a ) [20] . Such a beam splitter has one accessible input for the atoms, that is the central wire of the Y, and two accessible outputs corresponding to the right and left wires. Depending on how the current I in the input wire is sent through the Y, atoms can be directed to the output arms of the Y with any desired ratio (Fig. 1b) .
The Y beam splitter can be created either as a Kepler guide or as a side guide. We previously performed preliminary experiments studying such a beam splitting potential using free standing wires [5] . In the experiment reported here, we study a beam splitter created by a Y-shaped wire on a nano-fabricated Atom Chip.
Our experiments are carried out using laser cooled Li atoms. A detailed description of the apparatus and the atom trapping procedure is given in [8, 21] .
The Atom Chip consists of a 2.5µm thick gold layer deposited onto a GaAs substrate.
This gold layer is patterned using standard nanofabrication techniques. A schematic of the wires on the Atom Chip used for this experiment is shown in Fig. 1a . It includes, besides the beam splitter, a series of magnetic traps to transfer atoms into smaller and smaller potentials: the large U-shaped wires are 200µm wide and provide a quadrupole potential if combined with a homogeneous bias field [8, 17, 22] , while the thin Y-shaped wire is 10µm
wide. An additional U-shaped 1mm thick wire is located underneath the chip in order to assist with the loading of the chip.
The atoms are loaded onto the Atom Chip using our standard procedure (see details in respectively. At 12G the atoms are clearly more compressed.
By changing the current ratio between the two outputs, and simultaneously keeping the total current constant, it is possible to control the probability of going left and right.
Typical data for a beam splitter experiment using 8G bias field are shown in Fig. 2 . Here, the number of atoms in each arm is determined by summing over the density distribution.
When the current is not balanced, the side carrying more current is preferred due to the larger transverse size of the guiding potential. It can be noted that the 50/50 atomic splitting ratio occurs for a current ratio different from one half. This is due to an additional 3G field directed along the input guide to make a Ioffe-Pritchard configuration and prevent them increases with the wire distance and we eventually obtain two independent guides. In the Y beam splitter one encounters all three cases moving along the beam splitter axis. This is shown in detail in Fig. 3b and c, which present two projections, onto the beam splitter plane and orthogonal to it respectively.
The dynamic of an atom propagating through the Y beam splitter potential is best described by a scattering process in restricted space from in-coming modes into out-going 5 modes. As in most scattering processes in free space, we expect some back scattering into the in-coming mode. Additional back scattering mechanisms due to the guides also occur:
For instance, the output guides have higher transverse gradients because each of them carries half of the current. This gives rise to a reflection probability due to a mismatch of modes.
Another contribution comes from the direction change of the input guide as it gets closer to the chip surface. From the atomic distribution observed in the experiment we could estimate a back-reflection of less than 20% at the splitting point. This may be further minimized by varying the potential shape and choosing different geometries. In addition the fourth port, caused by the second minimum before the split point, induces a loss rate since atoms taking that route will hit the surface.
The Y configuration enables a 50/50 splitting over a wide range of experimental parameters due to its inherent symmetry relative to the incoming guide axis, where by inherent we mean that the symmetry of the potential is maintained for different magnitudes of current and bias field, and for different incoming transverse modes. This was also numerically confirmed up to the first 35 modes. The atom arriving at the splitting junction encounters a symmetric scattering potential, and will thus have equal right-left amplitudes regardless of the specific current and bias field in use. Therefore, such a beam splitter should allow inherently coherent splitting for multi-mode propagation. This symmetric splitting may only be corrupted by breaking the symmetry of the potential, for example by a rotation of the bias field direction, or with a current imbalance. This is an advantage over beam splitter designs for guided matter waves which rely on tunneling [27] . In such a configuration, two side guides coming close together and going apart again, the potential at the closest point exhibits two guides separated by a potential barrier. Here the disadvantage is that the splitting ratio for an incoming wave packet is vastly different for different propagating modes, since it depends strongly on the tunneling probability. A further disadvantage is that, even for single mode splitting, the barrier width and height and consequently the splitting amplitudes are extremely sensitive to changes in the current and bias field.
The back scattering and the inaccessible fourth port of the Y beam splitter may be, at least partially, overcome using different beam splitter designs like the ones shown in Fig. 4 .
The configuration shown in Fig. 4a has two wires which run parallel until a given point and then go apart. In case the bias field is chosen to exactly fulfill case (ii) of the above discussion, the splitting point of the potential is ensured to be that of the wires and the height of the potential minimum above the chip surface is maintained throughout the device (in the limit of small opening angle). Furthermore, no fourth port appears in the splitting region. In Fig. 4b we present a more advanced design. Here a wave guide is realized with two parallel wires with currents in opposite directions and a bias field perpendicular to the chip surface. The splitting potential is designed in order to have input and output guides with identical characteristics, therefore eliminating reflections due to different guide gradients.
On the other hand, this multi-wire configuration might be more difficult to integrate in a complex network.
In conclusion, we have realized a beam splitter for guided atoms, with a design that ensures symmetry under a wide range of experimental parameters, and which we have shown can be further developed to bypass the main drawbacks. This device could find applications in atom interferometry and in the study of decoherence processes close to a surface. Furthermore, this basic element could be integrated into more complex quantum networks which would form the base for advanced applications such as quantum information processing. 
